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Background: Recently, the literature suggested that placental transfusion facilitated by
delayed cord clamping (DCC), besides having benefits on hematological parameters,
might improve the infants’ brain development.

Objective: The present review primarily evaluates the Ages and Stages Questionnaire
(ASQ) total score mean difference (MD) at long-term follow-up (>4 months) comparing
DCC (>90 or >180s) to early cord clamping (ECC). Secondary aims consisted of
evaluating the ASQ domains’ MD and the results obtained from other methods adopted
to evaluate the infants’ neurodevelopment.

Methods: MEDLINE, Scopus, Cochrane, and ClinicalTrials.gov databases were
searched (up to 2nd November 2020) for systematic review and meta-analysis. Al
randomized controlled trials (RCTs) of term singleton gestations received DCC or
ECC. Multiple pregnancies, pre-term delivery, non-randomized studies, and articles in
languages other than English were excluded. The included studies were assessed for
bias and quality. ASQ data were pooled stratified by time to follow up.

Results: This meta-analysis of 4 articles from 3 RCTs includes 765 infants with
four-month follow-up and 672 with 12 months follow-up. Primary aim (ASQ total score)
pooled analysis was possible only for 12 months follow-up, and no differences were
found between DCC and ECC (MD 1.1; Cl 95: —5.1; 7.3). DCC approach significantly
improves infants’” communication domains (MD 0.6; Cl 95: 0.1; 1.1) and personal-social
assessed (MD 1.0; CI 95: 0.3; 1.6) through ASQ at 12 months follow-up. Surprisingly,
the four-month ASQ personal social domain (MD —1.6; Cl 95: —2.8; —0.4) seems to be
significantly lower in the DCC group than in the ECC group.

Conclusions: DCC, a simple, non-interventional, and cost-effective approach, might
improve the long-term infants’ neurological outcome. Single-blinding and limited
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FIGURE 2 | (A) Forest plot showing mean difference of the Ages and Stages Questionnaire (ASQ) total score at 12 months follow up between delayed cord clamping
(DCC) and early cord clamping (ECC) groups. (B) Forest plot showing mean difference of the ASQ communication domain score at 4 months follow up between DCC
and ECC groups. (C) Forest plot showing mean difference of the ASQ communication domain score at 12 months follow up between DCC and ECC groups.

in Supplementary Figure 1H, which considers ASQ problem-
solving domain score. In this case, the funnel plot was found to
have asymmetry. Publication bias is not the only cause of funnel
plot asymmetry. Other possible causes could be: location biases,
poor methodological design, inadequate analysis, or fraud (12).
In particular, Supplementary Figure 1H is presumably the result
of the higher than the average mean difference shown in the
study of Nouraie et al. (18). Third, language bias may have been
introduced by excluding non-English language studies; however,
no pertinent items in non-English language were found. Fourth,
the inclusion of only full-text articles might lead to a full-text

bias that might influence the findings of this meta-analysis (25).
Nonetheless, the full text of each pertinent article was retrieved.
Indeed, among the 8 items where the full text was not available,
3 were congress-abstracts, 3 protocols and 2 commentaries.
Fifth, another limitation of the study can be the number of
comparisons in the secondary outcomes that could raise the
multiplicity issue. However, although exploratory, our approach
during the study planning focused on a well-defined primary
outcome, reducing the secondary outcomes comparisons to well-
established comparisons made in the original articles. A last
but not less relevant issue is that the type of developmental
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A
ASQ gross motor (4 months follow up)

Experimental: DCC Control: ECC

Study Total Mean SD Total Mean SD Mean Difference MD  95% Cl Weights
Nouraie 2019 [18] 200 52.46.4 200 53353 —0— -0.9 [-2.1;0.2] 55.4%
Andersson 2013 [15] 185 54970 180 54377 ——*— 0.6 [-0.9;2.1] 44.6%
Random effects model 385 380 = -0.2 [-1.7;1.2] 100.0%

Heterogeneity: 1 = 59%, 2 = 0.6682, p = 0.12 ' ' '
-5 0 5

B Favors ECC <- -> Favors DCC

ASQ gross motor (12 months follow up)

Experimental: DCC Control: ECC

Study Total Mean SD Total Mean SD Mean Difference MD  95% Cl Weights
Rana 2019 [19] 173 56.1 6.2 159 54.7 6.4 ——0—— 1.4 [0.0;2.8] 62.2%
Andersson 2014 [17] 172 46.915.1 168 48.414.2 —+—— -1.5[-4.6;1.6] 37.8%
Random effects model 345 327 _ 0.3 [-2.5; 3.1] 100.0%

Heterogeneity: /2 = 64%, v° = 2.7022, p = 0.09 ' ! '
c Favors ECC <- -> Favors DCC
ASQ fine motor (4 months follow up)

Experimental: DCC Control: ECC

Study Total Mean SD Total Mean SD Mean Difference MD 95% Cl Weights

Nouraie 2019 [18] 200 49.2 7.2 200 482 7.0 ——:'— 1.0 [-0.4;2.4] 71.4%

Andersson 2013 [15] 185 48.7 10.0 180 47.8 11.4 —r 09 [-1.3;3.1] 28.6%

Fixed effect model 385 380 = 1.0 [-0.2; 2.2] 100.0%
I 1

Heterogeneity: 2= 0%, =0, p =0.92
-5 0 5

D Favors ECC <- -> Favors DCC

ASQ fine motor (12 months follow up)

Experimental: DCC Control: ECC

Study Total Mean SD Total Mean SD Mean Difference MD  95% Cl Weights
Rana 2019 [19] 173 58.7 3.8 159 58.7 2.6 = 0.0 [-0.7;0.7] 86.1%
Andersson 2014 [17] 172 52.1 8.1 168 52.3 8.2 —a— -0.2 [-1.9;1.5] 13.9%
Random effects model 345 327 <L -0.0 [-0.7;0.6] 100.0%

Heterogeneity: /2 = 0%, ©* = 0, p = 0.83 : I )

Favors ECC <- -> Favors DCC

FIGURE 3 | (A) Forest plot showing mean difference of the Ages and Stages Questionnaire (ASQ) gross motor domain score at 4 months follow up between delayed
cord clamping (DCC) and early cord clamping (ECC) groups. (B) Forest plot showing mean difference of the ASQ gross motor domain score at 12 months follow up
between DCC and ECC groups. (C) Forest plot showing mean difference of the ASQ fine motor domain score at 4 months follow up between DCC and ECC groups.
(D) Forest plot showing mean difference of the ASQ fine motor domain score at 12 months follow up between DCC and ECC groups.
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A
ASQ problem solving (4 months follow up)

Experimental: DCC Control: ECC

Study Total Mean SD Total Mean SD Mean Difference MD 95% Cl Weights
Nouraie 2019 [18] 200 54.454 200 42.06.3 12.4 [11.3;13.6] 50.1%
Andersson 2013 [15] 185 55.37.2 180 53.58.2 1.8 [0.2; 3.4] 49.9%
Random effects model 385 380 7.1 [-3.3; 17.5] 100.0%
Heterogeneity: /% = 9%, 1* = 55.9980, p < 0.01 ' ' ' f '

-20 -10 0 10 20
N Favors ECC <- -> Favors DCC
ASQ problem solving (12 months follow up)

Experimental: DCC  Control: ECC
Study Total Mean SD Total Mean SD Mean Difference MD  95% CI Weights
Rana 2019 [19] 173 56.3 3.9 159 558 4.4 —0— 0.5 [-0.4;1.4] 88.1%
Andersson 2014 [17] 172 46.6 11.8 168 47.6 11.2 1 -1.0 [-3.4;1.4] 11.9%
Fixed effect model 345 327 : 0.3 [-0.5; 1.2] 100.0%
Heterogeneity: /% = 22%, 1° = 0.2421, p = 0.26 ' ‘ '
-5 0 5

(o]
ASQ personal-social (4 months follow up)

Experimental: DCC  Control: ECC

Study Total Mean SD Total Mean SD
Nouraie 2019 [18] 200 48.3 8.2 200 493 7.9
Andersson 2013 [15] 185 49.5 9.3 180 51.8 8.1
Fixed effect model 385 380

Heterogeneity: /2 = 9%, 1° = 0.0767, p = 0.29

D
ASQ personal-social (12 months follow up)

Experimental: DCC Control: ECC
Study Total Mean SD Total Mean SD
Rana 2019 [19]
Andersson 2014 [17]

173 59.0 2.1
172 43.6 124

159
168

579 3.9
44.3 11.0

Fixed effect model 345
Heterogeneity: /2 = 46%, 1> = 0.7523, p = 0.17

327

Favors ECC <-

-> Favors DCC

Mean Difference MD 95% Cl Weights
—t -1.0 [-26; 0.6] 56.0%
— -23 [-4.1;-05] 44.0%
A -1.6 [-2.8; -0.4] 100.0%
[ 1
-5 0 5
Favors ECC <- -> Favors DCC
Mean Difference MD  95% Cl Weights
= 11 [0.4;1.8] 93.0%
— -0.7 [-3.2,1.8]  7.0%
<> 1.0 [0.3;1.6] 100.0%
[ 1
-5 0 5

Favors ECC <~

FIGURE 4 | (A) Forest plot showing mean difference of the Ages and Stages Questionnaire (ASQ) problem solving domain score at 4 months follow up between
delayed cord clamping (DCC) and early cord clamping (ECC) groups. (B) Forest plot showing mean difference of the ASQ problem solving domain score at 12 months
follow up between DCC and ECC groups. (C) Forest plot showing mean difference of the ASQ personal-social domain score at 4 months follow up between DCC and
ECC groups. (D) Forest plot showing mean difference of the ASQ personal-social domain score at 12 months follow up between DCC and ECC groups.

-> Favors DCC
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score used in these studies could have been inadequate for the
aims considered. For example, the ASQ, when compared with
the well-accepted Bayley-III scale, has been recognized to have
some limitations (26). Generally, it would have been preferable
to assess DCC’s efficacy with validated developmental scores that
are independent from the parent assessment. The discrepancy
in the infants’ personal-social assessments, which are lower in
the DCC vs. ECC when looked at 4 months, but significantly
higher in the DCC group at 12 months, raises concerns about
early screening effectiveness in predicting long-term outcomes.
Voss et al. showed that cognitive-developmental prognosis in
129 pre-term babies was correct in only 49% of cases, and
this percentage increased to 70% at the age of 3-4 years (27).
Similarly, Hack et al. demonstrated that a subnormal Mental
developmental Index score at 20 months of corrected age in
330 pre-term infants was poorly predictive of their cognitive
function at 8 years (28). Interestingly, both authors concluded
that early testing is unreliable for later outcomes, except for
the most severe neurodevelopmental impairment. These results
emphasize the need to assess the children’s neurodevelopment
at school age. Furthermore, another matter of concern is the
accuracy of the ASQ tool in identifying developmentally delayed
children. Despite being a low-cost screening tool with a short
completion time, easily performed in a home setting, ASQ has not
been proven to be an accurate measure for screening children at
risk of neurodevelopmental disorders. By contrast, Lamsal et al.
demonstrated that the ASQ was effective at identifying children
with a high risk of neurodevelopmental delay when a 1 standard
deviation cut-off was used at 24 months (29).

Generalizability

The generalization of our findings might be impaired because
of the low number of clinical trials on this topic, which
does not allow to draw definitive conclusions. It should be
recommended to perform more clinical trials to strengthen
the current findings. Our meta-analysis includes very different
populations. By comparing participants living in low- and high-
income countries, multiple factors of diversity, such as socio-
economic status, environmental influences, pre-, and post-natal
care, need to be considered. The fact that results coming from
different populations are going in the same direction is, in
some way, reassuring and may confirm a potential benefit of
the DCC. Last, generalizability might be impaired by the lack
of standardizing the timing of cord clamping in routine clinical
practice. Time disparities in cord clamping do exist, reflecting the
variability in adherence to DCC recommendations among health
care workers. DCC policy seems challenging to apply, especially
when the newborn is perceived to require assistance, from simple,
thorough drying to additional stimulation and ventilation.

CONCLUSIONS

This systematic review and meta-analysis of randomized clinical
trials show that DCC has no impact on ASQ total score during
long-term infants’ follow-up. However, some neurological skills,
assessed by ASQ subdomains, were significantly modified by
this non-interventional and cost-effective approach. To confirm

these observations, further research should be recommended,
preferably with randomized controlled trials using the same
method for neurological skills assessment in infants, to
allow outcome consistency within the literature and in
association with validated developmental scores independent of
the parent assessment.

KEY MESSAGE

Delayed cord clamping may improve the long-term neurological
outcome of infants.

CONDENSATION

This review of randomized clinical trials suggests that delayed
cord clamping, a simple, non-interventional and cost-effective
approach, may improve the long-term neurological outcome
of infants.
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Supplementary Figure 1 | Funnel plots. (A) The Ages and Stages Questionnaire
(ASQ) total score at 12 months follow up. (B) The ASQ communication domain
score at 4 months follow. (C) The ASQ communication domain score at 12
months follow. (D) The ASQ gross motor domain score at 4 months follow. (E)
The ASQ gross motor domain score at 12 months follow. (F) The ASQ fine motor
domain score at 4 months follow. (G) The ASQ fine motor domain score at 12
months follow. (H) The ASQ problem solving domain score at 4 months follow. (1)
The ASQ problem solving domain score at 12 months follow. (J) The ASQ
personal-social domain score at 4 months follow. (K) The ASQ personal-social
domain score at 12 months follow.

Supplementary Table 1 | Summary of the systematic review aims. The primary
aim was formulated on the basis of PICO framework. ASQ, Ages and stages
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questionnaire; DCC, delayed cord clamping; ECC, early cord clamping; PICO,
patients, intervention, comparator, and outcome.

Supplementary Table 2 | Summary of database queries.
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